P assive cancer immunotherapy that uses tumor-targeted monoclonal antibodies has achieved broad therapeutic efficacy. 1 However, T-cell directed immunotherapy has been less successful. 2 Despite the large number of tumor antigens induced by genetic and epigenetic changes found in all cancers, tumors resist immune attack by inducing tolerance among tumorspecific T cells and by expressing ligands that engage inhibitory receptors and dampen T-cell functions within the tumor microenvironment. 3 Preclinical and clinical data show that antibody blockade of these immune checkpoints can significantly enhance antitumor immunity. 4 Cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4), an inhibitory receptor that down-modulates the initial stages of T-cell activation, was the first clinically validated checkpoint pathway target. [5] [6] [7] [8] [9] Antagonist anti-CTLA-4 monoclonal antibodies mediate tumor regression, most notably in patients with melanoma, but are accompanied by frequent immune-related adverse events. Ipilimumab (Yervoy, Bristol-Myers Squibb), an anti-CTLA-4 antibody, was recently approved for the treatment of patients with stage IV melanoma on the basis of a randomized phase 3 trial that showed prolongation of overall survival. 9 Programmed death 1 (PD-1) protein is another T-cell coinhibitory receptor with a structure similar to that of CTLA-4 but with a distinct biologic function and ligand specificity. 10, 11 PD-1 has two known ligands, PD-L1 (B7-H1) 12, 13 and PD-L2 (B7-DC). 14, 15 In contrast to CTLA-4 ligands, CD80 (B7-1) and CD86 (B7-2), PD-L1 is selectively expressed on many tumors [16] [17] [18] and on cells within the tumor microenvironment in response to inflammatory stimuli. 19 Blockade of the interaction between PD-1 and PD-L1 potentiates immune responses in vitro 20 and mediates preclinical antitumor activity. 16, 17 PD-L1 is the primary PD-1 ligand that is up-regulated in solid tumors, where it can inhibit cytokine production and the cytolytic activity of PD-1+, tumor-infiltrating CD4+ and CD8+ T cells. 16, 21, 22 These properties make PD-L1 a potentially promising target for cancer immunotherapy.
BMS-936559 is a high-affinity, fully human, PD-L1-specific, IgG4 (S228P) monoclonal antibody that inhibits the binding of PD-L1 to both PD-1 and CD80. Additional characterization of this anti-PD-L1 antibody is presented in the study protocol, available with the full text of this article at NEJM.org. In this report, we present clinical evidence regarding the safety, clinical activity, and pharmacokinetic and pharmacodynamic effects of anti-PD-L1 antibody in patients with selected advanced cancers.
Me thods

Study Design
The primary objective of this phase 1 study was to assess the safety and adverse-event profiles of anti-PD-L1 antibody in patients with selected advanced cancers. Secondary objectives included assessment of the antitumor activity of the antibody and its pharmacokinetics. Pharmacodynamic measures were included as exploratory objectives. (Additional information is provided in the study protocol and in a detailed statistical analysis plan and the Methods section in the Supplementary Appendix, available at NEJM.org.)
Patients
Patients were required to have documented advanced non-small-cell lung cancer, melanoma, renal-cell cancer, ovarian cancer, colorectal cancer, pancreatic cancer, gastric cancer, or breast cancer and have had tumor progression after at least one previous course of tumor-appropriate therapy for advanced or metastatic disease (except for those with pancreatic or gastric cancer, who were not required to have received previous treatment). Other inclusion criteria included an age of at least 18 years; a life expectancy of at least 12 weeks; an Eastern Cooperative Oncology Group performance status of 2 or less (in which 0 is asymptomatic, 1 is restricted in strenuous activity, and 2 is ambulatory but unable to work) 23 ; measurable disease as defined by Response Evaluation Criteria in Solid Tumors (RECIST), version 1.0 (see Methods S3 in the Supplementary Appendix) 24 ; and adequate hematologic, hepatic, and renal function. Patients with treated brain metastases were allowed to enroll if tumors were radiographically stable for at least 8 weeks.
Major exclusion criteria included a history of autoimmune disease or other diseases requiring systemic glucocorticoid or immunosuppressive therapy, previous therapy with T-cell modulating antibodies (including anti-PD-1, anti-PD-L1, and anti-CTLA-4), a history of human immunodeficiency virus infection, or active hepatitis B or C virus infection.
Patients were treated in 6-week cycles. Anti-PD-L1 antibody was administered as a 60-minute intravenous infusion on days 1, 15, and 29 of each cycle. Patients continued treatment for up to 16 cycles unless they had unacceptable toxic effects, disease progression, or withdrew consent. In clinically stable patients, treatment beyond initial disease progression was permitted until further progression was confirmed.
We conducted safety evaluations (clinical examination and laboratory assessments) in all treated patients at baseline and at regular intervals. We graded the severity of adverse events on the basis of the National Cancer Institute Common Terminology Criteria for Adverse Events, version 3.0. 25
Dose Escalation
Patients with advanced non-small-cell lung cancer, melanoma, colorectal cancer, renal-cell cancer, and ovarian cancer were eligible to enroll in the dose-escalation phase of the trial. We used an accelerated titration design to assess safety at doses of 0.3, 1, 3, and 10 mg per kilogram of body weight. One patient was enrolled in each successive cohort until the occurrence of a treatmentrelated adverse event of grade 2 or more during cycle 1. Two additional patients were then enrolled at that dose level, and the study was transitioned to a standard 3+3 design, in which dose escalation proceeded when a minimum of three patients completed safety evaluation (at 42 days) at a given dose level with dose-limiting toxic effects in less than one third of patients (for details, see Methods S2 in the Supplementary Appendix). Intrapatient dose escalation or reduction was not permitted. The maximum tolerated dose was defined as the highest dose at which less than one third of patients had a dose-limiting toxic effect.
Cohort Expansion
To further assess the safety, side-effect profile, and clinical-activity profile of anti-PD-L1 antibody, disease-specific cohorts were enrolled. Initially, 5 expansion cohorts (with 16 patients per cohort) were enrolled in parallel and received 10 mg per kilogram for the treatment of non-small-cell lung cancer, melanoma, renal-cell cancer, ovarian cancer, and colorectal cancer. On the basis of initial signals of activity, additional expansion cohorts (with up to 16 patients per cohort) were enrolled for the treatment of melanoma (at 1 and 3 mg per kilogram), non-small-cell lung cancer (divided into cohorts with squamous or nonsquamous subtypes and randomly assigned to receive 1, 3, or 10 mg per kilogram), and pancreatic, breast, and gastric cancer (all at 10 mg per kilogram).
Pharmacokinetics and Pharmacodynamics
For pharmacokinetic analyses, we collected serial blood samples to measure serum levels of anti-PD-L1 using an enzyme-linked immunosorbent assay. Peripheral-blood mononuclear cells were isolated from patients at baseline and after one treatment cycle to assay PD-L1 receptor occupancy by anti-PD-L1 on circulating CD3+ T cells by means of flow cytometry (see Methods S4 in the Supplementary Appendix). 26
Study Oversight
The study was sponsored by Bristol-Myers Squibb, which provided the study drug, and was designed jointly by representatives of the sponsor and the senior academic authors, who collected, analyzed, and interpreted the study results. All the authors signed a confidentiality agreement with the sponsor. All drafts of the manuscript were prepared by the authors with editorial assistance from a professional medical writer paid by the sponsor. The authors vouch for the accuracy and completeness of the reported data and for the fidelity of the study to the trial protocol.
Statistical Analysis
We evaluated baseline characteristics and adverse events in all 207 patients who were receiving anti-PD-L1 antibody as of February 24, 2012. The efficacy population consisted of 160 patients in whom a response could be evaluated and who had initiated treatment by August 1, 2011. All adverse events were coded with the use of the Medical Dictionary for Regulatory Activities, version 14.1. We derived the best overall response for individual patients from radiographic measurements according to modified RECIST, version 1.0. 24 Objective responses were confirmed by at least one sequential tumor assessment. (Additional details regarding statistical methods are provided in Methods S1 and the statistical analysis plan in the Supplementary Appendix.)
The 
R e sult s
Patients and Treatment
From April 9, 2009, to February 24, 2012, we administered anti-PD-L1 antibody to 207 patients -75 with non-small-cell lung cancer, 55 with melanoma, 18 with colorectal cancer, 17 with renal-cell cancer, 17 with ovarian cancer, 14 with pancreatic cancer, 7 with gastric cancer, and 4 with breast cancer; all the patients were included in the safety analysis. Efficacy was analyzed in 160 patients in whom a response could be evaluated and who initiated treatment by August 1, 2011. The baseline demographic characteristics of patients in both the safety and efficacy populations were very similar (Table S1A in the Supplementary Appendix). Among treated patients, 86% had received previous chemotherapy, and 28% had received immunologic or biologic therapy. Previous therapies according to tumor type included immunotherapy (in 56%) and BRAF inhibitors (in 9%) in patients with melanoma; platinum-based chemotherapy (95%) and tyrosine kinase inhibitors (41%) in patients with non-small-cell lung cancer; and nephrectomy (94%), antiangiogenic therapy (82%), and immunotherapy (41%) in patients with renal-cell cancer ( Table S1B in the Supplementary Appendix).
Safety
A maximum tolerated dose was not reached. The median duration of therapy was 12 weeks (range, 2 to 111 weeks) ( Table S2A in the Supplementary Appendix). A relative dose intensity of at least 90% was achieved in 86% of patients. Of the 207 patients, 23 (11%) discontinued treatment because of an adverse event; of these events, 12 (6%) were considered by investigators to be related to treatment (Tables S2B and S3A in the Supplementary Appendix).
Adverse events of any grade were reported in 188 of 207 patients (91%) ( Table S3A in the Supplementary Appendix). Investigator-assessed treatment-related adverse events were noted in 126 of 207 patients (61%) (Tables S3A and S3B in the Supplementary Appendix). The most common drug-related adverse events were fatigue, infusion reactions, diarrhea, arthralgia, rash, nausea, pruritus, and headache. Most events were low grade, with treatment-related grade 3 or 4 events noted in 19 of 207 (9%). The spectrum, frequency, and severity of treatment-related adverse events were similar among the dose levels, with the exception of infusion reactions.
Drug-related adverse events of special interest, with potential immune-related causes, were observed in 81 of 207 patients (39%) and included rash, hypothyroidism, hepatitis, and one case each of sarcoidosis, endophthalmitis, diabetes mellitus, and myasthenia gravis ( Table 1, and Tables S3B  and S4 in the Supplementary Appendix). These adverse events were predominantly grade 1 or 2 and were managed with treatment interruption or discontinuation. Nine patients were treated with glucocorticoids for the management of adverse events, with improvement or resolution of events in all patients. Furthermore, 4 of the 9 patients maintained disease control despite treatment with glucocorticoids. Endocrine adverse events (e.g., hypothyroidism and adrenal insufficiency) were managed with replacement therapy, and patients reinitiated treatment with anti-PD-L1 antibody at the discretion of the treating physician.
Infusion reactions were observed in 21 of 207 patients (10%), predominantly at the dose of 10 mg per kilogram. All such reactions were grade 1 or 2 with the exception of one grade 3 event in a patient receiving 10 mg per kilogram. Infusion reactions were generally rapidly reversible with antihistamines, antipyretics, and (in some cases) glucocorticoids. A prophylactic regimen of antihistamines and antipyretics was implemented during the study. Patients with grade 1 or 2 infusion reactions were able to continue treatment with the antibody with the use of prophylactic antihistamines and antipyretics and at a reduced infusion rate.
Serious adverse events that investigators considered to be related to treatment occurred in 11 of 207 patients (5%) (for a full list of events, see Table S4 in the Supplementary Appendix). At the time of data cutoff, 45 patients (22%) had died. The most common cause of death was disease progression ( Table S5 in the Supplementary Appendix).
Clinical Activity
The efficacy population included 160 patients with non-small-cell lung cancer, melanoma, colorectal cancer, renal-cell cancer, ovarian cancer, or pancreatic cancer but not gastric cancer or breast cancer ( Table S1A in * Listed events were reported in at least 1% of the patients. The following events that were categorized as adverse events of special interest occurred in one patient each: sarcoidosis, diabetes mellitus, and myasthenia gravis (in patients receiving the 10-mg dose) and endophthalmitis (in patients receiving the 3-mg dose). † The numbers reported within a column may not add up to the total number reported because patients who had more than one adverse event were counted for each event but were counted only once for "any adverse events of special interest."
The New England Journal of Medicine firmed complete or partial responses) were observed in patients with melanoma, non-small-cell lung cancer, renal-cell cancer, and ovarian cancer ( Table 2 , Fig. 1 and 2 , and Fig. S1 in the Supplementary Appendix), and many objective responses were durable. Four additional patients had a persistent reduction in target lesions in the presence of new lesions (consistent with an "immune-related" pattern of response 27 ). However, for the purpose of calculating response rates, these patients were not categorized as having had a response. Antitumor responses or prolonged stable disease were observed in patients who had undergone a variety of previous therapies. Objective responses were observed even in patients with an extensive burden of metastatic disease. To date, there have been no objective responses in patients with colorectal or pancreatic cancer. In patients with melanoma, there were nine objective responses among 52 patients receiving 1-mg, 3-mg, and 10-mg per kilogram doses, with response rates of 6%, 29%, and 19%, respectively ( Table 2 ). Three patients with melanoma achieved a complete response. All 9 patients who had a response started treatment at least 1 year before data analysis, and of these patients, 5 had an objective response lasting at least 1 year. In addition, 14 of 52 patients with melanoma (27%) had stable disease lasting at least 24 weeks.
In patients with non-small-cell lung cancer, there were five objective responses (in four patients with the nonsquamous subtype and one with the squamous subtype) at doses of 3 mg and 10 mg per kilogram, with response rates of 8% and 16%, respectively. All five patients with an objective response started treatment at least 24 weeks before data analysis, and of these, three had responses lasting at least 24 weeks. Six additional patients with non-small-cell lung cancer had stable disease lasting at least 24 weeks.
In patients with ovarian cancer, 1 of 17 (6%) had a partial response, and 3 (18%) had stable disease lasting at least 24 weeks, all at the 10-mg dose.
In patients with renal-cell cancer, 2 of 17 (12%) had an objective response, all at the 10-mg per kilogram dose, with responses lasting 4 and 17 months. Seven additional patients with renal-cell cancer (41%) had stable disease lasting at least 24 weeks.
Pharmacokinetics and Pharmacodynamics
Serum levels of anti-PD-L1 antibody increased in a dose-dependent manner from 1 to 10 mg per kilogram in 131 patients who were evaluated. The geometric mean area under the curve (0 to 14 days) for doses of 1 mg, 3 mg, and 10 mg per kilogram were 2210, 7750, and 36,620 μg per milliliter per hour, respectively (coefficient of variation, 34 to 59%). After the first dose, geometric mean peak levels at these dose levels were 27, 83, and 272 μg per milliliter, respectively (coefficient of variation, 30 to 34%). The half-life of anti-PD-L1 antibody was estimated from population pharmacokinetics as approximately 15 days. PD-L1 receptor occupancy on CD3+ peripheral-blood mononuclear cells was assessed in 29 patients with melanoma at the end of one cycle of treatment, at doses of 1 to 10 mg per kilogram. Median receptor occupancy exceeded 65% for all groups (Fig. S2 in the Supplementary Appendix).
Discussion
In this study, blockade of the immune inhibitory ligand PD-L1 by a monoclonal antibody produced both durable tumor regression (objective response rate, 6 to 17%) and prolonged (≥24 weeks) disease stabilization in patients with metastatic nonsmall-cell lung cancer, melanoma, renal-cell cancer, and ovarian cancer, including some who had been treated with extensive previous therapy. Grade 3 or 4 adverse events that were considered to be drug-related occurred in 9% of patients at doses up to and including 10 mg per kilogram. These findings are consistent with the mild autoimmune phenotype seen in mice that are homozygous for PD-L1 deletion. 28 Although ipilimumab and anti-PD-L1 antibody have not been compared head to head, the toxic effects associated with ipilimumab are reported as more common and of higher grade, consistent with the more severe hyperproliferation seen in CTLA-4 knockout mice, as compared with PD-1 knockout mice. 6, 7, 10 Most of the toxic effects that were associated with anti-PD-L1 were immunerelated. The spectrum and frequency of adverse events are somewhat different between anti-PD-L1 and anti-CTLA-4, emphasizing the distinct biologic features of the two pathways. 29 Infusion reactions were observed with anti-PD-L1 antibody, although they were mild in most patients. Severe colitis, an adverse event that is considered to be drug-related in some patients receiving ipilimumab, was infrequently noted in patients receiving anti-PD-L1. 30 The objective response in 5 of 49 patients (10%) with advanced non-small-cell lung cancer who received anti-PD-L1 was quite unexpected. Although melanoma and renal-cell cancer are responsive to cancer immunotherapy (e.g., interleukin-2 and anti-CTLA-4), non-small-cell lung cancer has been considered to be nonimmunogenic and poorly responsive to immune-based therapies. 31 Another important feature of anti-PD-L1 * The efficacy population included 160 patients in whom a response could be evaluated and who initiated treatment by August 1, 2011. These patients had measurable disease at a baseline tumor assessment and at least one of the following: an assessment of tumor burden during the study, clinical progression, or death. NA denotes not applicable, and ND not determined. † Objective response rates (including both complete response and partial response) are based on confirmed responses only, with 95% confidence intervals calculated with the use of the Clopper-Pearson method. ‡ The duration of response is the time from the first response to the time of documented disease progression, death, censoring of data (denoted by a plus sign), or last tumor assessment. § The rate of progression-free survival was the proportion of patients who did not have disease progression and were alive at 24 weeks, as calculated by the Kaplan-Meier method. The Greenwood method was used to calculate confidence intervals. ¶ Two of these patients had a complete response. ‖ One of these patients had a complete response. therapy was the durability of response across multiple tumor types. This was particularly notable given the advanced stage of disease and previous treatments of patients in our study. This durabil-ity appeared to be greater than that observed with most chemotherapies and kinase inhibitors used in these diseases, although no direct comparisons have been performed. Because peripheral-blood T cells express PD-L1, it is possible to assess in vivo receptor occupancy by anti-PD-L1 antibody as a pharmacodynamic measure. Median receptor occupancy was more than 65% for the doses tested. Although these studies provide a direct assessment and evidence of target engagement in patients receiving anti-PD-L1 antibody, relationships between receptor occupancy in peripheral blood and the tumor microenvironment remain poorly understood.
A major implication of the clinical activity of immune checkpoint blockade is that significant endogenous immune responses to tumor antigens are generated, and these responses may be harnessed therapeutically to mediate clinical tumor regression on checkpoint inhibition. An emerging concept in cancer immunology is that inhibitory ligands such as PD-L1 are induced in response to immune attack, a mechanism termed adaptive resistance. 22, 32 This potential mechanism of immune resistance by tumors suggests that therapy directed at blocking interaction between PD-1 and PD-L1 might synergize with other treatments that enhance endogenous antitumor immunity. 3, 4, 33 Longer follow-up will confirm whether patients continue to have tumor control after cessation of blockade of the pathway between PD-1 and PD-L1. Such tumor control could reflect a persistent antitumor immune response and the generation of effective immunologic memory to enable sustained control of tumor growth.
The concurrent clinical testing of antibodies that block an immune-regulatory receptor and one of its cognate ligands has not been reported.
Our study and a companion study by Topalian et al., 34 now reported in the Journal, show remarkable similarities between the patterns of clinical activity observed with anti-PD-L1 and anti-PD-1 antibodies, which validate the role of this pathway in tumor immune resistance and support the notion that it may be a target for therapeutic intervention. However, the molecular interactions that are potentially blocked by these two antibodies are not identical. Anti-PD-1 antibody blocks interactions between PD-1 and its ligands, PD-L1 and PD-L2, whereas anti-PD-L1 antibody blocks interactions between PD-L1 and both PD-1 and CD80; the latter interaction has also been shown to down-modulate T-cell responses in vitro and in vivo. [35] [36] [37] [38] [39] Although the agents were not compared directly in a randomized trial, the frequency of objective responses for anti-PD-L1 antibody appears to be somewhat lower than that observed for anti-PD-1 antibody in initial trials. The significance of these findings remains to be defined. The clinically appropriate dose of anti-PD-L1 will require further definition in future testing, including additional phase 2 dose-ranging trials.
Our findings show that antibody-mediated blockade of PD-L1 induced durable tumor regression (objective response rate of 6 to 17%) and prolonged stabilization of disease (rate of 12 to 41% at 24 weeks) in patients with select advanced cancers, including non-small-cell lung cancer, a tumor that has not been considered to be responsive to immunotherapy. These findings validate the pathway between PD-1 and PD-L1 as an important target for therapeutic intervention in some patients with cancer. Additional studies are needed to identify which patients are likely to have a response, to determine an appropriate clinical dose, and to define the spectrum of tumors in which targeting of this pathway will have antitumor effects.
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